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AMPLIFICATION OF HUMAN MDM2 GENE IN HUMAN TUMORS 

ThisappUcation is a continuation-in-part of United States Serial No 07/903 103 
Hied June 23, 1992, which is a contmuation-m-part of United States Serial^' 
07/867,840, filed April 7, 1992, now abandoned. 

THraSBon was »* with support from the ui^^^I^" 
g-ts CA-57345, CA-43460, CA-02243 and CA-35494. Accordingly, the Govelent 
retains certain rights in the invention. 
FIELD OF T HE INVENTION 

The invention relates to the area of cancer diagnostics and therapeutics. More 
parucularly , the invention relates to the detection of a gene which is amplified in certain 
human tumors. 

BACKGRO UND OF TRTT INVKNTTOM 

According * the Knudson model for tumorigenesis (Cancer Research, 1985, vol 

». P- M82). th*. ax C tumor suppressor genes in all normal cells which, when they 
become non-functional due to mutation, cause neoplastic development. Evidence for this 
model has been found in cases of retinoblastoma and colorectal tumors. The implicated 
suppressor genes in these tumor,, RB and P 53 respectively, were found to be deleted or 
altered in many of the tumors studied. 

The P 53 gene pnxto., taefae, appeaK „ to a ^ „, a rf 
which regulate nonna! cellular proliferation a* arppressta, of ^ 
Mutations ir, the p53 gene have been B^d „ turnorigene*, ^ 
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in p53 protein function are involved in cellular transformation. The inactivation of the 
P 53 gene has been implicated in the genesis or progression of a wide variety of 
carcinomas (Nigro et al., 1989, Nature 542:705-708), including human colorectal 
carcinoma (Baker et al., 1989, Science 24*217-221), human lung cancer (Takahashi et 
al.. 1989, Science 245:491-494; Iggo et al., 1990, Lancet 355:675-679), chronic 
myelogenous leukemia (Kelman et al, 1989, Proc. Natl Acad. Sci. USA 35:6783-6787) 
and osteogenic sarcomas (Masuda et al., 1987, Proc. Natl Acad. Sci. USA 84-7716- 
7719). 

While there exists an enormous body of evidence linking p53 gene mutations to 
human tumorigenesis (Hollstein et al., 1991, Science 255:49-53) little is known about 
cellular regulators and mediators of p53 function. 

^s-eTal. (Cell Growth & Differentiation, i:571-580, 1990), found that P 53 
cDNA clones, c^Maiiiing a point mutation at amino acid residue 143, 175, 273 or 281 
cooperated with the activated ras oncogene to transform primary rat embryo fibroblast 
in culture. These mutant p53 genes are representative of the majority of mutations found 
in human cancer. Hollstein etal., 1991, Science 255:49-53. The transformed fibroblasts 
were found to produce elevated levels of human p53 protein having extended half-lives 
(1.5 to 7 hours) as compared to the normal (wild-type) p53 protein (20 to 30 minutes). 

Mutant P 53 proteins with mutations at residue 143 or 175 form an oligomeric 
protein complex with the cellular heat shock protein hsc70. While residue 273 or 281 
mutants do not deteaably bind hsc70, and are poorer at producing transformed foci than 
the 175 mutant, complex formation between mutant p53 and hsc70 is not required for 
p53-mediatedtransfnnnatioii. Complex formation does, however, appear to facilitate this 
function. All cell lines transformed with the mutant p53 genes are tumorigenic in a 
thymic (nude) mice, m contrast, the wild-type human p53 gene does not possess 
transforming activity in cooperation with ras. Tuck and Crawford, 1989, Oncogene Res 
4:81-96. 
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Hinds et al. , supra also expressed human P 53 protein in transformed rat cells 
When the expressed human P 53 was immunoprecipitated with two P 53 specific antibodies 
directed against distinct epitopes of P 53, an unidentified M, 90,000 protein was 
coimmunoprecipitated. This suggested that the rat M, 90,000 protein is in a complex 
with the human P 53 protein in the transformed rat cell line. 

As mentioned above, levels of P 53 protein are often higher in transformed cells 
than normal cells. This is due to mutations which increase its metabolic stability (Oven 
etal., 1981, Mol Cell Biol. 2:101-110; Reich etal. (1983), M ol Cell. Biol 3:2143- 
2150). The stabilization of P 53 has been associated with complex formation between P 53 
and viral or cellular proteins. (Iinzer and Levine, 1979, Cell 77:43-52; Crawford et al 
1981, Proc. Natl Ac ad. Set. USA 7 8:41-45; Drppold et al., 1981, Proc. Natl Acad. Sd. 
USA-78: 1695^1699; Une andCrawford, 1979, Nature (Lorut) 278:261-263; Hinds etal 
1987. Mol. Cell Biol 7:2863-2869; Finlay et al., 1988, Mol. Cell Biol M31-539- 
Samow et al., 1982, Cell 28:387-394; Gronostajski etal., 1984, Mol Cell. Biol. 4:442- 
448; Pinhasi-Kimhi et al., 1986, Nature (Land.) 320:182^185; Ruscetti and Scolnick 
1983, /. Wol 45:1022-1026; Pinhasi and Oren, 1984, Mol Cell. Biol 4:2180-2186- 
and Sturzbecher et al., 1987, Oncogene 7:201-211.) For example, p53 protein has been 
observed to form oligomer* protein complexes with the SV40 large T antigen the 
adenovirus type 5 E1B-M, 55,000 protein, and the human papilloma virus type 16 or 18 

^T'l LinZeraildUVine ' 19?9, Ce " i7:43 - 52;LaneandCraw ford, 1979,Afcfttf* t 
275:261-263; Samow et al., 1982, Ceii 28:387-394; Wemess et al., 1990, Science, 
248:76-79. Similarly, complexes have been observed of pl05** (the product of the 
retinoblastoma susceptibility gene) with T antigen (DeCaprio et al., 1988, Cell 54:275- 
283). the adenovirus OA protein (Whyte et al., 1988, Nature 534:124-129) and the E7 
protein of human papilloma virus 16 or 18 (Munger etal., 1989, £SfflO 7. 8:4099^105). 
It has been suggested that interactions between these viral proteins and pl05*» inactivate 
a growth-suppressive function of pl05-, mimicking deletions and mutations commonly 
found in the KB gess in tumor cells. In a similar fashion, oligomer* protein complex 
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formation between these viral proteins and P 53 may eliminate or alter the function of 
p53. Finlayetal., 1989, Cell 57:1083-1093. 

Fakharzadeh et al. {EM BO J. iftl565-1569, 1991) analyzed amplified DNA 
sequences present in a tumorigenic mouse cell line (,,, 3 I3DM, a spontaneously 
transformed derivative of mouse Balb/c cells). Studies were conducted to determine 
whemeranyofmeampMedgenes^ 

amphfied genes into a nontonsformed recipient cell {e . g . , mouse NIH3T3 or Rat2 cells) 
T*e resulting cdl lines were tested for tumorigenicity in nude mice. A gene, designated 
MDM2, which is amplified more than 50-fold in 3T3DM cells, induced tumorigenicity 
when overexposed in NIH3T3 and Rat 2 cells. From the nucleotide and predicted 
ammo acid sequence of mouse MDM2 (mMDM2), Fakharzadeh speculated thatthis gene 
--encodes- a p ote M NA-binding protein that functions in the modulation of expression 
of other genes and, when present in excess, interferes with normal constraints on cell 
growth. 

SUMMARY OF TOTE TNVy^rrr.^ 

It is an object of the invention to provide a method for diagnosing a neoplastic 

tissue, such as sarcoma, fa a human. 

It is another object of the invention to provide a cDNA molecule encoding the 
sequence of human MDM2, 

Yet another object of the invention is to provide a preparation of human MDM2 
r , -u^ouuxuiy nee or omer numan ceflular proteins. 

SOU another object of the invention is to provide DNA probes capable of 
hybndizing with human MDM2 genes or mRNA molecules. 

Another object of the invention is to provide antibodies immunoreactive with 
human MDM2 protein. 

Still another object of the invention is to provide kto for detecting amplification 

or elevated expression of human MDM2. 
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Yet another object of the invention is to provide methods for identifying 
compounds which interfere with the binding of human MDM2 to human P 53. 

A further object of the invention is to provide a method of treating a neoplastic 
human cell. 

Yet another object of the invention is to provide methods for inhibiting the growth 
of tumor cells which contain a human MDM2 gene amplification. 

Still another object of the invention is to provide polypeptides which interfere with 
the binding of human MDM2 to human p53. 

A further object of the invention is to provide a method for growing host cells 
containing a p53 expression vector. 

It has now been discovered that hMDM2, a heretofore unknown hu man ^ 
plays a role in human cancer. The hMDM2 gene has been cloned and the recombinant 
denved hMDM2 protein shown to bind to human p53 in vitro. hMDM2 has been found 
to be amplified in some neoplastic cells and the expression of hMDM2-encoded products 
has been found to be correspondingly elevated in tumors with amplification of this gene 
The elevated levels of MDM2 appear to sequester p53 and allow the cell to escape from 
p53-regulated growth. 

BRIEF DESCRIPTION Off, tttk nitA^ 

Figure 1 A-C shows the cDNA sequence of human MDM2. m this figure, human 
and mouse nucleotide and amino acid sequences are compared, the mouse sequence being 
shown only where it differs from the corresponding human sequence. 

Figure 2 shows that hMDM2 binds to p53. 

Figure 3 illustrates the amplification of the hMDM2 gene in sarcomas. 
Figure 4A-C illustrates hMDM2 expression. 

Figure 5 shov/s the inhibition of p53-mediated transactivation by MDM2 Yeast 
were stably transfected with expression plasmids encoding P 53, lex-VP16, MDM2 or the 
appropriate vector-only controls, as indicated. p53-responsive (bars a-c) or lexA- 
responsive (bars d-f) ^galactosidase reporter plasmids were used to assess the response 



WO 93/20238 



PCT/US93/03199 



-6 



Inset: Western blot analysis demonstrating MDM2 (90 kD) and p53 (53 kD) expression 
m representative yeast strains. The strain indicated by a plus was transfected with 
expression vector encoding full length MDM2 and p5 3> while the strain indicated by a 
minus was transfected only with the p53 expression vector. 

Figure 6 shows the determination of MDM2 and p53 domains of interaction Fig 
5A and Fig. 5E. Random fragments of MDM2 were fused to sequences encoding the 
lexA DNA binding domain and the resultant clones transfected into yeast carrying 
PRS314SN (p53 expression vector) and pJK103 aexA-responsive ^galactosidase 
reponer). Yeast clones expressing ^-galactosidase were identified by their blue color 
and the MDM2 sequences in the lexA fusion vector were determined. 0-gaIactosidase 
activity was observ ed independent of P S3 expression in A, but was dependent on pS3 
"expression in B. The bottom 6 clones in B were generated by genetic engineering. Fig 
6C. Random fragments of p53 were fused to the sequence encoding the B42 acidic 
activation domain and a hemagglutinin epitope tag; the resultant clones were transfected 
mto yeast carrying lexA-MDM2 (lexA DNA binding domain fused to full length MDM2) 
and pJK103. Yeast clones were identified as above, and all were found to be MDM2- 
dependent. The bottom three clones were generated by genetic engineering. 

Figure 7 shows protein expression from the yeast strains described in Figure 6 
Western blot analysis was performed as described (Oliner, J.D. , et al. , Nature J5&80-83 
(1992)), using 20 P g of protein per lane. The MDM2 and P 53 codons contained in the 
fusion YwuCia aic shown at the top of A and B, respectively. F«j. 7A. Upper panel 
probed with P 53 Ab2 detecting P 53; lower panel probed with anti-lexA polyclonal 
ant*odiesaexAb)dete^ Fig. 7B. Upper panel 

probed with I*x Ab detecting the lexA-fuU length MDM2 fusion protein of 112 kD- 
lower panel probed with HA Ab (a monoclonal antibody directed against the 
hemagglutinin epitope tag, Berkeley Antibody) detecting P 53 fusion proteins of 
approximately 25-30 kD. 
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Other genetic alterations leading to elevated hMDM2 expression may be involved 
in tumorigenesis also, such as mutations in regulatory regions of the gene. Elevated 
expression of hMDM2 may also be involved in tumors other than sarcomas including but 
not limited to those in which P 53 inactivation has been implicated. These include 
colorectal carcinoma, lung cancer and chronic myelogenous leukemia. 

According to one embcxliment of the invention, a method of diagnosing a 
neoplastic tissue in a human is provided. Tissue or body fluid is isolated from a human 
and the copy number of human MDM2 genes is determined. Alternatively, expression 
levels of human MDM2 gene products can be determined. These include protein and 



mRNA. 



Eody fluids which m »y be **** include urine, serum, blood, feces, saliva, and 

the like. Tissues suspected of being neoplastic are desirably separated from normal 
ai^gtissueforanalysis. ms^^bypmmnoxoryo^^c^oTfiov, 
cytometry, as is known in the art. Failure to separate neoplastic from non-neoplastic 
cells can confound the analysis. Adjacent non-neoplastic tissue or any normal tissue can 
be used to determine a base-line level of expression or copy number, against which the 
amount of hMDM2 gene or gene products can be compared. 

The human MDM2 gene is considered to be amplified if the cell contains more 
than the normal copy number (2) of this gene per genome. The various techniques for 
detecting gene amplification are well known in the art Gene amplification can be 
determined, for example, by Southern blot analysis, as described in Example 4, wherein 
cellular DNA from a human tissue is digested, separated, and transferred to a filter where 
it is hybridized with a probe containing complementary nucleic acids. Alternatively 
quantitative polymerase chain reaction (PCR) emplovmg primers can be used to determine 
gene amplification. Appropriate primers will bind to sequences that bracket human 
MDM2 coding sequences. Other techniques for determining gene copy number as are 
known in the art can be used without limitation. 
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hMDM2 proteb can be produced, according to the invention, substantially free 
of other human proteins. Provided with the DNA sequence, those of skill in the art can 
express the cDNA in a non-human cell. Lysates of such cells provide proteins 
substantially free of other human proteins. The lysates can be further purified for 
sample, by immunoprecipitation, co-precipitation with P 53, or by affinity 
chromatography. 

The antibodies of the invention are specifically reactive with hMDM2 protein 
Preferably, they do not cross-react with MDM2 from other species. They can be 
polyclonal or monoclonal, and can be raised against native hMDM2 or a hMDM2 fusion 
pern or synthetic peptide. The antibodies are specifically irnmunoreactive with 
hMDM2 ^ ^^k^na^on^^^ Some antibodies are 
reactxvewith epitopes unique to human MDM2 and not present on the mouse homolog 
Theantib^esaieusefulmconventionalanalyses.suchasW 

unmunohistochemistry, and other immunological assays for the detection of proteins' 
Techniques for raising and purifying polyclonal antibodies are well known in the an as 
arctechmqnesforpr^ Antibody bindmg^t^detern.ined 

by methods known in the art, such as use of an enzyme-labelled secondary antibody 
staphylococcal protein A, and the like. Certain monoclonal antibodies of the invention 
have been deposited at the American Type Culture Collection, 12301 Parklawn Drive 
Rockville. MD 20852. These include IF2, and ED9, which have been granted accession 
— **** cuiu no nz?i, respectively. 

According to another embodiment of the invention, interference with the 
expression of MDM2 provides a therapeutic modality. The method can be applied in 
YiYo, m vitro, or sx yjyp. For example, expression may be down-regulated by 
administering triple-strand forming or antisense oligonucleotides which bind to the 
hMDM2 gene or mRNA, respectively, and prevent transcription or translation The 
ongonucleotidesmay^ ^ 

molecules and peptides which specifically inhibit MDM2 expression can also be used 
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Similarly, such mulecules which inhibit the binding of MDM2 to P 53 would be 
therapeutic by alleviating the sequestration of p53. 

Such inhibitory molecules can be identified by screening for interference of the 
hMDM2/ P 53 interaction where one of the binding partners is bound to a solid support 
and the other partner is labeled. Antibodies specific for epitopes on hMDM2 or p53 
which are involved in the binding interaction will interfere with such binding. Solid 
supports which may be used include any polymers which ass known to bind proteins, 
•me support may be in the form of a filter, column packing matrix, beads, and the like, 
labeling of proteins can be accomplished according to any technique known in the art. 
Radiolabels, enzymatic labels, and fluorescent labels can be used advantageously. 
Alternatively, both hMDM2 and p53 may be in solution and bound molecules separated 
from unbound subsequently. Any separation .technique known in the ait may be 
employed, including immunoprecipitation or immunoaffinity separation with an antibody 
specific for the unlabeled binding partner. 

It has been found that amino acid residues 13-41 of p53 (See SEQ ID NO:l) are 
necessary for the interaction of MDM-2 and P 53. However, additional residues on either 
meammoorcarboxytenninalsideofmepeptiaeap^ Ninetol3 
additional p53 residues are sufficient to achieve MDM2 binding, although less may be 
necessary. Since cells which overexpress MDM2 escape from p53-regulatfid growth 
control in sarcomas, the use of p53-derived peptides to bind to excess MDM2 leads to 
reestabiishment of p53-regulated growth control. 

Suitable p53-derived peptides for administration are those which are circular, 
linear, or derivitized to achieve better penetration of membranes, for example. Other 
organic compounds which are modelled to achieve the same three dimensional structure 
as the peptide of the invention can also be used. 

DNA encoding the MDM2-binding, P 53-derived peptide, or multiple copies 
thereof, may also be administered to tumor cells as a mode of admimstering the peptide. 
The DNA will typically be in an expression construct, such as a retrovirus, DNA virus, 
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or plasmid vector, which has the DNA elements necessary for expression properly 
positioned to achieve expression of the MDM2-binding peptide. The DNA can be 
administered, irueralia encapsulated in liposomes, or in any other form known to the art 
to achieve efficient uptake by cells. As in the direct administration of peptide, the goal 
is to alleviate the sequestration of p53 by MDM2. 

A cDNA molecule containing the coding sequence of hMDM2 can be used to 
produce probes and primers. In addition, it can be expressed in cultured cells, such as 
E. coll, to yield preparations of hMDM2 protein substantially free of other human 
proteins. The proteins produced can be purified, for example, with immunoaffinity 
techniques using the antibodies- described above. 

Kits are provided which contain the necessary reagents for detenninin g gene copy 

number, such as probes or primers specific for. the hMDM2 gene, as well as written 
instructions. The instructions can provide calibration curves to compare with the 
determined values. Kits are also provided to determine elevated expression of mRNA 
(i.e., containing probes) or hMDM2 protein (i.e., containing antibodies). Instiuctions 
will allow the tester to determine whether the expression levels are elevated. Reaction 
vessels 'and auxiliary reagents such as chromogens, buffers, enzymes, etc. may also be 
included in the kits. 

The human MDM2 gene has now been identified and cloned. Recombinant 
derivedhMDM2 has been shown to bind to human p53. Moreover, it has been found 
that hm>M2 is amplified in some sarcomas. The amplification leads to a corresponding 
increase in MDM2 gene products. Such amplification is associated with the process of 
tumorigenesis. This discovery allows specific assays to be performed to assess the 
neoplastic or potential neoplastic status of a particular tissue. 

The following examples are provided to exemplify various aspects of the invention 
and are not intended to limit the scope of the invention. 
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EXAMPTJT.S 
Example 1 

To obtain human cDNA clones, a cDNA library was screened with a murine 
MDM2 (mMDM2) cDNA probe. A cDNA library was prepared by using polyadenylated 
RNA isolated from the human colonic carcinoma cell line CaCo-2 as a template fe^e 
product™ of random hexamer primed double stranded cDNA. Gubler and Hoffmann 
1983, Gene 25:263-268. The cDNA was ligated to adaptors and then to the lambda YES 
Phage vector, packaged, and plated as described by EUedge et al. (Proc. Nasi. Acad Sci 
USA, 58:1731-1735, 1991). The library was screened initially with a P-labelled (Kinzler 
K.W., et al., NucL Acids Res. 27:3645-3653 (1989), Feinberg and Vogelstein 1983* 
Anal. Biochem. 132.6-U) mMDM2 cDNAprobe (nucleotides 259 to 1508 (Fakharzadeh 
-^l99lrEMBO-J^m565-^ and then rescreened with an hMDM2 cDNA clone 
containing nucleotides 40 to 702, 

Twelve clones were obtained, and one of the clones was used to obtain thirteen 
additional clones by re-screening the same library. In total, twenty-five clones were 
obtained, partially or totally sequenced, and mapped. Sequence analysis of the twenty- 
five clones revealed several cDNA forms indicative of alternative splicing. Resequence 
shown in Figure 1 is representative of the most abundant class and was assembled from 
threeclones: c!4-2 (nucleotides 1-949), c89 (nucleotides 467-1737), andc33 (nucleotides 
390-2372). The 3' end of the untranslated region has not yet been cloned in mouse or 
human. Th* V 

^u, waiy r near nucleotide 1. There was an open reading 

frame extending from the 5' end of the human cDNA sequence to nucleotide 1784 
Although the signal for translation initiation could not be unambiguously defined the 
ATG at nucleotide 3 12 was considered the most likely position for several reasons First 
the sequence similarity between hMDM2 and mMDM2 fell off dramatically upstream of 
nucleotide 312. Tnis lack of conservation in an otherwise highly consented protein 
suggested that the sequences upstream of the divergence may not code for protein 
Second, an anchored polymerase chain reaction (PGR) approach was employed in an 
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effort to acquire additional upstream cDNA sequence. Ochman et aL, 1985, In- PGR 
Technology: Principles ondAppUcationsforDNAAmpUficMon^, ed.)pp. 105-111 
(Stockton, New York). The 5' ends of the PCR derived clones were very similar (within 
3 bp) to the 5' ends of clones obtained from the cDNA library, suggesting that the 5' end 
of the hMDM2 sequence shown in Figure 1 may represent the 5' end of the transcript 
nurd, in virro translation of the sequence shown in Figure 1, beginning with the 
methionine encoded by the nucleotide 312 ATG, generated a protein similar in size to 
that observed in human cells. 

In Figure 1, hMDM2 cDNA sequence, hMDM2 and mMDM2 nucleotide and 
ammo acid sequences are compared. The mouse sequence is only shown where it differs 
from the corresponding human sequence. Asterisks mark the 5' and 3 ' boundaries of tha 
previously published mMDM2 cDNA. Fakliarzadeh et aL, 1991, EMBO J 10-1565- 
1569. Dashes indicate insertions. Tne m0US e and human amino acid sequences are 
compared from the putative translation start site at nucleotide 3 12 through the conserved 
stop codon at nucleotide 1784. 

Comparison of the human and mouse MDM2 coding legions revealed significant 
consent™ a. the nucleotide (jo.,*, and amino acid (80.4%, levels. Although 
KMDM2 and mMDM2 bore iitfe stadia*, „ cdier ^ recorded m cunent datable* 
metwoproteuuuhanxlseveraltr^ta, These incMcM.b^tmcIear locator™ signal 
(Tatudca. 1990, FEBSU**, at codon, 18 , to 185, several casein Kinase II 

senne pixfcphotyiation sites (Mnr*, 1990, „ a ^ ^ Jawa6MJ4 a 

codons 166 to 169, 192 to 195, 269 to 272, and 290 u> 293, an acidic acttvadon domain 
(Rashne, 1988, mure J*:683-«89> at codons 223 to 274, and two metal binding sites 
(Harrison, ^.^SS3-.n5) X co^W5 a 3^461u,m. a ^ a a wac b 
is highly related to known DI tt binding domains. The piotem kinase A domain noted 
ui mMDM2 (Fakharadeh et al., 1991, Emo J. Jftl565-1569) TO not conserved in 
hMDM2. 
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Examnlp 1 

»MDM2 exp^™ vector wa, a—* h pBluBclipt SK+ ( * 

3.3 to 2,76. A 42 bp black bettle vims 
«P» - £ .987, ^ ^ ^ ms 

~ — - P53 (H-Ceriy « a,., Wamre ^ „ ^ ^ * 

™ "* " ™* and translated in a rabbh J Ly. Z 

-(Prom^,) acc^ltog „ ^ ocvtejysate- 

translated praein migntK , „ aRpmdlMte , y „ 
Tea „l of lysMe coaalntag fc ^ protejm 

T,, , „ rabbi, anU^ _ ^ ^ J £ ^ 
hMDM2 cDNA. Ninety /tl of MPA buffer (.0 mM M* r»H 75. l« Z 

- - j. . 992, ^ a**, in pre*, were taen added artd tne nL^ 
allowed to incubate at 4°C for 2 hours. «^wres 
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Two millign™ of protein A sepharose w erc added to each tube, and the tubes 
were rotated end-over-end at 4T for i u 

at 4 C for 1 hour. After pelleting and washine the 
unmunoprecipitates were subjected to SDS-now, , ... g ' && 

Hpne 2 Am te co^jata of DMDM2 and p 5 3 I*, hrffr „ 

M NaCI (Figure 2 lanes 6 and 9). 

//i vfrro translated hMDM2 n53 anH mtv* . - 

anrf . i , . P ^ MCC P""^ 5 we re mixed as indicated above 
and incubated with p53 Abl, p53 Ab2 umtsm? ah • 
7 in i„ . ^ Ab ' wprcimmune serum. Lanes 1 4 
— 7,-lQ and-i4 contaiit ahquots of t he Dmrrin 77 

bands running slightly faster thanp53 are poWotiri^ „mH,„~, 

initiation sites. ^ polypeptides produced from internal translation 

^^P^wasnotirnmunoprecrp^ 

anti-pSS antibodies precipitated hMDM2 protein along with p 53 derfl0nWrari 
association in vitro (Figure 2, lanes 5 and 6) * TT* " 

electrophoretic mobuitv from another gene 1 C C Z ^ 
257:1366-1370* «. ^ _ J ! ' ^ ^ « 1991 ' **~ 
nh ^ " " ~ "™ WtlW PJJ ' "° precipitation of the MCC protein was 

1 7*, was mixed with hMDM2 protein, a similar co-precipitation of hMDM2 and p3 
proteins was also observed. P 

-—»-*•-*,» when mixed with protein (Hgnie 2. tae .5, b,t «J 

e«herhMDM2 0 rp53(H gTO 2,taeI6). «"01™wp««le 
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Example 3 

hvbrj" • *— ^ fc *— — — u of AMDM2, somatic ^ 
*:2„,99> with the same probe narrowed the localization to 

Example 4 

Previous studies have shown that this ~f -u 

uwu mai uus regl0n of chromosome 12 is often aberrant 

m human sarcomas. Mandahletal 1987 n^^nu 

^ 61 u - 1987, Genes Chromosomes & Cancer 1:9-14- Tuxc- 
Carel et al., 1986, Cancer Genet. Cytogemi 23-291 299- ^ u, , 

^"s^ -«.^l-299; Meltzer et al., 1991 cai 

—(towh-&-Differentiation-2%95--m\ — i ' ^ 

/ 4y5 50L To evaIu ate the possibility that hMDM2 was 

f-«* ^ h, ^ ^ ^ b,ot analys* was peL* ™ 
Cellular ^1 «*7 * * 

"^tr -*•—*»-.-»*- «w 2, 

.7207-72,5). The ceArtar DNA was derived from .^^j. M 

^we^h^rd^ 

wT^r f ^ °" C,eMide '- 949 (SM 1)» or to a control prohe 
whKhidenofiesfraimemsofsntdlarsEellicn^n. i« , 

„ „ V ' ^""^^^^•te^byVogebttdnet 

fences was cose™, In several of these tt.no,. ^ piguIe 3> ^ , ^ 

w n^hMDM2a mpffi c MiraiIMgilleirom5to50 J- 
*~ . «*W 7 to „ UpMMCOnm , , „ ^ ^ fibiMs ^ 

^,3ofl, OS t^ m a s ,^0^ l rhab^ y „ aTO . riveberagnsoft(issue 
Southern blot aralysis ami no ampliflcatta was observed. 
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Examp|o 5 

^^^^^^^^^^ 

Figure 4A illustrat* nMDM2 exprcssion . 
^^^Nonnernbta. was separated by electrophoresis in a 

^^AwashyMto,,,,^,,^^ Ten us of 

^^•^.^two^^ 

^ the colorectal cancer cell lin e (CaCo-2) used to mate the cDNA library (lane 

^^—-i^-p^e^^ ^AsaesareshTil " 
tod.eo.eavauabb^^^^,^ ^ 

^^^wasc^^,^, Tbean^^J^ 
was much rugher than in . s^con* «, hne wntoo, ^Uficalon (p-^ ^ 

Whenpuri^natNA^tha. J 
RNA, tan, ^ carcinoma «H.*m*** m ^ mVMaa ^ 

kb could also be observed (Figure 4A, lane 4). 

* the ™. , «, Bnes Hey ^ „, ^ ^ ^ " 
carcinoma cell line CaP^o n<m. ov 

""T"""- ^^^P^ftontsarco^^hMoL 

amplifications, and lanes 4 and 5 contain nm,™ * 

... , 3 protem ftom sarcomas without hMDM2 

amplification. 

Westemblots using ^ puriW MDM2 Ab were pertoned ww, 50 « 
»— iane as described by ^ e, aL (« « ws0> ^ 
except thatton^bn^ were blc^b^^,^^^^,,, " 



WO 93/20238 



PCT/US93/03199 



- 19- 



and secondary antibodies were counted tn u~ 

pATH-hMDM9 fi.c- b WHS P uri fied with a 

J»U k °°"' M,iCall! ' <*— 75-85, 105-,20 and 170 

was evident in two sa^oma ^ ^ ^r^.' to - « 

.biotas ^1^: "" ^^^^byWeaen , 

Expression of the hMDM2 RNA m « . 

The above examples demonstrate that KMDM2 binds to p53 tn vitm ami • 

^^(....atnpn^masi^^^ 

Iiposarcomas, and osteosarcomas. These are the m ™ ' 

. 6Mf 17/0> yj(mcer 4I . 2250 _2 266 . Mah^ ft ^ 
(Lippincott, Philadelphia). ' PP ' 1293 ' 1342 

™»% «W oncc^ «, as SV40 adenovints BIB, JJv « 
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»y of the p 53 ^ mmt ^ m m ammaasy „ ^ 

genetic alteraiioiis ondetivko. soonidfe h™.. _. oaunug 

consistent with the finding flat MDM2 binds to p53, and with the hjpothu^^^ 

* * -n-o^nesU safcinn paraBeU to that p-evions,, ^ „ 
vnaUy m dnced tuntots <Hne and Bechtao,. ,990, Qe.es and BevCopn^ «* 
Werness et al., 1990 StfaK*? 24t»7«\ •«..,_. ' 

' yyu ' 2^.76), m which viral oncogene products bind to and 

functionally inactivate p53. w 

ExamplP.^ 



This example demonstrates that MDM2 expression inhibits P 53-mediated 

tiansacUvation. 

— * *».,— wete saM, ^ ^ ^ 

with a p53 -responsive reporter construct Th„ . 

i~ « construct. The reporter consisted of a 0-galactosidase 

™^-^^ofan^„ 

^uence winch ^ houad p53 «. *. ^ S . E , a ^ ^ ^ 
830 0992). ■^«*^»«e 1 »*|^«^ - ^, ll-h 

„^ ^p,^, was fonnd to inhibit pSSnnediattd 
~a™, of this repoiter 16-fold relative to isogeneic yeast lacking MDM2 
™ ( Pi pirc5 ,c„ npaKl)mimdl)) Wes^bWanalysiscontaedaatp* 
53 H» was ^pressed ecnivatatty in strains with and without MDM2 (90 kD) (Figure 

l» inset). 6 
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Biol iill:4809-4821 (1991)), immediately downstream of the 
phosphoglycerate kinase constitutive promoter. Galactose-inducible p53 
ST'a^ 61 aLl ^ ^ ^:1357-1365 

oo? ' ^'^ (YVLexA ' Dalton ' S " * Cefl 6*597-612 
(1992)) and lexA (YLexA, YVLexA minus VP16) plasmids were used as 

256-.827-830 (1992)) (p53-responsive) and pJK103 (Kamens, J., et al 
^ Ce H~* 0 o l J0:2m - 2 W d990)) (lexA-responsive). 5. ctreviste 
stnun pEGY48 was transformed as described (Kinder, K W et al Nucl 
Acids Res. 77:3645-3653 (1989)). Yeast strains represented by bars a-c 
were grown at 30»C to mid-log phase in selective liquid medium 
containing 2% raffinose as the carbon source, induced for 30 minutes by 
the addition of 2% galactose, harvested, and lysed as described (Kern, 
S.E. etal., Science 2561827-830 (1992)). The strains represented by bars 
d-f were treated similarly, except that the cells were induced in galactose 
for 4 hours to obtain measurable levels of ^galactosidase. /3-galactosidase 
aetivities-shownrepresent the mean ofthreeto-five experimental values 



- — *■ — .mw«i. ui uuw iu live experimental values 

(error bars indicate s.e.m.). Protein concentrations were determined by 
a Coomassie blue-based (bio-Rad) assay. The /3-galactosidase assays were 
performed with AMPGD chemiluminescent substrate and Emerald 
enhancer (Tropix) according to the manufacturer's instructions 6- 
galactosidase activities of bars b and c are shown relative to that of bar A- 
0-galactosidase activities of bars e and fare shown relative to that of bar 
d. Western blots were performed as described (Oliner, J.D etal 
Nature iJ5:80-83 (1992)), using p53 AblSOl (lower panel, Oncogene 

So o C «L° r P 0 ^ 10031 antibodies (Oliner, J.D., et al., Nature 

J5S:80-83 (1992)) (upper panel). 

To ensure that this inhibition was not simply a general transcriptional down 
regulation mediated by the expression of the foreign MDM2 gene, a yeast strain was 
created that contained a different transcriptional activator (lexA-VP16, consisting of the 
lexA DNA binding domain fused to the VP16 acidic activation domain), a similar 
reporter (with a lexA-responsive site upstream of a /S-galactosidase gene), and the same 
MDM2 expression vector. The results shown in Figure 1 (bars d & e) demonstrate that 
lexA-VP16 transaction was unaffected by the presence of MDM2. Furthermore, 
MDM2 expression had no apparent effect on the growth rate of the cells. 
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Example 7 

This example demonstrates the domains of p53 and MDM2 which inteiact with 

each other. 

To gain insight into the mechanism of the MDM2-mediated P 53 inhibition the 
domamsofMDMZandpSJresponsibleforbindmgtooneanothe^ ^ 
yeast system used to detect protein-protein binding takes advantage of the modular nature 
of transcription factor domains (Keegan, L., etal., Science 257:699-704 (1986); Chien 
C.-T.. Proc. Natl. Acad. Sci. U.S.A. 55:9578-9582 (1991); Brent, R., et aL, Cell 
45:729-731 (1985); Ma, J., et aL, CeU tf:4430446 (1988). Genetically, if protein 1 
(fused to a sequence-specific DNA binding domain) is capable of binding to protein 2 
(fused to a transcriptional activa tion domain), then compression of both fusion proteins 
w lU result in transcriptional activation of a suitable reporter. In our experiments, the 
lexA DNA binding domain (amino acids 2-202) and the B42 acidic activation domain 
(AAD) were used in the fusion constructs. The reporter (Kamens, J., et al., Mol Cell 
Biol 20:2840-2847 ( 19 90); contained a lexA-responsive site upstream of a * 
galactosidase gene. As an initial control experiment full length MDM2 was inserted into 
the lexA fusion vector, and full length p53, supplying its intrinsic activation domain was 
•nserted into a non-fusion vector. The combination resulted in the activation of the lexA- 
respoosive reporter, while the same expression constructs lacking either the MDM2 or 
p53 cDNA inserts failed to activate ^-galactosidase fTable I, strains 1, 2, and 3). Thus, 

^ ucpcuucm upon xvu?M2-p53 binding. 

This assay was then applied to mapping the interaction domains of each protein 
Full length cDNA fragments encoding MDM2 or p53 were randomly sheared by 
sonication, amplified by polymerase chain reaction, size fractionated, cloned into the 
appropriate fusion vectors and transected into yeast along with the reporter and the full 
length version of the other protein. 
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agarose gel purification the inseT^c 1! ^ • ^ MSeit A* 4 ** 
souication, pushed wi^L~ " * 

ligated to catch linkers, and amolifiTh!^ ? f DNA P 01 Wub I, 
described (Kinzler, K W etT^S; ^ chain «*» 

me fragments w^S^ * £^'.2^^ (1989 »- 
HXMOO bp or 400-1000 pb, SHttKS ^ "T ° f 

Blue, Stratagene) At to n <v£ ^ tI ^ sfe f ed **> bacteria (XL-1 
agar plates, Lie pt i^DNA^as ^S^ 8 We ? «^ off 
containing pRS314N fosT^n- ut ° a strain of pEQY48 

on selective medium contakingT^SseTdw^ T T pIated 
glalctose- and X-gal-containifg l^^^f^ 0 ^ 

- " presence and to £ f£S^^ 
in the 

absence. MDM2 Jntainin* 4a SLI 5t? 10 its 

clones was selectively Jff^^^J" 
from the lexA-MDM2 junction Th P m™S 80(1 ^^ced 

•« epilog of hemagdS ^ ™™ <m **°nx>n>Itog 

pEGY48alieady SE+ SCS ESSST 1 ^ ! stni » <" 
length MDM2) and DJKHB Th.\TZ ®**™ a+ *L comaming fall 

Of approx^y 5000 clones co.utog MDM2 ftagn.en* ^ «, fc ^ _ 
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placed into two classes. The first cla.« rt™ , 

(two clones) expressed low level* nf a 
^actosdase (abc* 5-8,, ^ ^ ^ ^ 

^2^: 

«. d™es overiapped te only acidic domain in (amiiio acids 2W m 

flie MDM2 sequence, because die enoreMDM2 protein nisM to lexA had no measuid^ 

f o ri »^ W asc„„siir^JLt:trt:r^ K ^ 

were used in the ™ • that when small sonicated fragments of MDM2 

were used » the screerung assay (200 bp instead of 600 bp average size), no 

scoring clones were obtained. Positively 

y «^«» divided mto ttree subsets, one cortfaining amino acids Ml 
a second containing amino acids 13-57 » n n „ *u-^ . ' 

The mirumai overlap between the«» «_ 
A]t , . L . . ^ n mese ftagments contained codons 13-41 
nuninta. c^nain ^ app^, for ^ ^ ^ 

^oracuv,*^, To ^te^ ^ ^ ^ ^™ » 
p53 was required fcrMDM2 binding, we generated an additional yeast strain ejq^ressuig 
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14BLEJ 




that is, aS^^^?^^»" iffiS fciM i * ^ ° r P 53 

responsive P-JSSSSfiLi S 4 " ° r p53 . adS i f 0 £ rotein ' 

«oi. ceii. Bill. 7n?"?? S !^P ort « plasmid te.m™ 1 ^. 3 _ 931 - »• 

ffi . VSCt0r ^ *•«■• t al., «. ^ Cfill Bi£}1 ^ " 

SioJ - 1357-1365. 

Vlex ( 1-202 J +PL vector mn«. B • . 

<+> indicates that colonies t„«,.- «™*s. 
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Sequence analysis showed that all P 53 and Mm*o 
wereUgatedinft^e^i,^^ ' ** fragments acted in Figu re 6 

e ana in the correct orientation relative to the tu? , * ^ 
Additionally, all ctaes ta iCT - 

Mil". C.W., « a! ftv,, ^ ' f " ' ** ^ «:»M*> (1992); 

MDM2 inhibits pjs-meaw, ,„ . . ( ^ lta ^Kesed that 

*" mamii ImsciiptioiBl aotivalion by •aaoa.Ita^ h. • • 

length MDM2. T.^HUchZl . J ^'^^^^^ ^ 

v nypotnesis, we produced a . 

another DNA binding don* (p^ T^ r" ™ ^ ■» 

-* — in yeas, a^ fc JJJ 

domain regardless of the adiacent n^;„ . ° f p53 acttvatl0n 

. - r — deuces tethering P 53 to DNA (Figure 8). 

dextrose before 

The lex-p53 SMnKSi^ W*™^ ° f2% 

*. Ca// 55:597-612 (1992)) e TSt WW ^ (YV ^' S " et 

P53 sequences encoding mLoSafi™ Werc * 

The results obtained in the _ 

to ^ «) conceals (Hgn,, 8) te ^3 
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mdm, Md ^ »:^r u wo,im - — - * ^ - 

raowiM^tWpSjBiitoasahmoletnniBrrsteiMer JB «.i , „ 

J: 102-106 (1992)- Sturcbecher h » , ' ' *** S""*"*""* 

^ed by MDM2. As a direct les[ „, 1 7^ "" " * ** "» 

Minaiccter, h.W, a at, Qro ^ 7 . 151 3. 1523 . * 



bar a) and the entire domain ma.ri.~i f ■ 8,116 8 ' 

Yet when allows , °" wi * (Table I, stnrin 6). 

Ill ^ With leXA " MDM2 ' n ° of the Ir- 

responsive reporter was observed (Table I «r™ 5 „ » » 

MDM2 o taffmB „ fte ^ HI! a T" ^ " " ^ 

. . . _,. fubtu aD1 ei.stram2),theresuItofstrain9islikelvtn 

^^^^^^^^^ 

This example illustrates the production and characteri^ 
for MDM2 epitopes. 1 ««uuuuies specatic 

«— a ,6 H> mmo ^ ^ of ^ ^ ^ ^ ^ 
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— ^ ~ — — - « 

toon profcu, to ^ of MDM2 as tfae GST MDM2fi 

GST-MDM2 fusion protein. 

cicwroeiurea, glutathione purified GST-A/rmyr> t, ^ , , 

TO mdK S3 „ tm - Western ;«« fc 

ta^™.^.... « mQ ^-MOM2rusK>n proteins. 



overexposes MDM2, and negative in the HQS „„ 

overexpress MDM2 osteosarcoma, which does not 

Example Q " 

» tta™^ ^ 

— MAW WwUUlCtt 

level; 

To evaluate MDM2 expression at the cellular .eve,, „ p^ 
—* asains. baoeriattv ^ lusta, ^ ^ ^ „ fc j ^ rf 
MDM2. cseeexa.p.es, °f se^a^^, ^^^^^^ 
asn^Mr^severaiassavs. BoHniOalte^^^^ 
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*- O^A-CL, a sarcotna CCU ^ Kith ^ MpIfflratioii ^ ^ 

(Table n) and Prottte ft. SW480 , , ^ ^ ^ ^ with ^ ^ 
<-*«-..««, ^,^ 8 (1 » 3)) ta wittoM ^ (dm nM 

shown). Figure 9 shows that the mAb IF 0 Am^^a . 

tne mAb IF-2 detected an intense 90 kd band plus several 

other bands of lower molecular weieht in o*a rr — 

wetgnt in OsA-CL extracts, and a much less intense 

"* ta * ta ^ WM dM '° ««* *«-— or atonal * 
MDM2 lanscrfpts. ^ more ^ 2Mo](f differaice ^ ^ ^ fc ^ 

observed in OsA-CL - SW480 is consist wia , „ ^.^^ 

MDM^copvn^in^,^ Conversely, ^sl^de^,* 

presence of a mutated p53 in SW480 (Fig. 9). 

0* grown . « sups were tner, used to assess the celnuar fccafeate, „ fc 
MDM2 protein. A ^ si^, exclusive* ^ ^ ^ ^ ^ ^ 
with .he IF-2 mAb and a weaker ^ ^ ^ ^ ^ ^ ^ ^ 

ff'S- 10). He nuclear localization of MDM2 is _., 

MV „ 4Ui ^xoviuus siuaies ot 

mouse ceus (Ban* et al., «*, 12mi ^ Qm)) „ fc ^ ^ ^ 
contains a nuclear taa-ta si^ a, residues .79 * ^ ^ to ^ 
specific antibod, was also confined „ a* mclei „ ^ ^ ^ ^ ^ ^ ^ 
the relative intensities consistent wnh to Weaeni „,„ ^ ^ ^ 
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Tlie IF-2 mAb was tfaen used (at 5 pg/ml) lo stain the seven primary sarcomas noted 
above. ^^ot^o^ iamanmm5aimisamgly( ^ n) ^ 
of these n.Mon contained ^ ^ fc fc ^ ^ 

w ito „,^ Bfl cadon.„«e„ ri K,M nM 2 r ^ WM0 ^ (e ^ pletoHg 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION; 

(i) APPLICANT: BORRELL, MARILEE 
HILL, DAVID E. 
KINZLER, KENNETH W. 
VOGELSTEIN, BERT 



HOMAN TUMORS 



TiTi> NUMBER OF SEQUENCES : 5 

(iv) CORRESPONDENCE ADDRESS : 

(A) ADDRESSEE- BANNBP d T «™, 

MHNER ' BIRCH < KCKIE AND BECKETT 

(B) STREET: 1001 Q STREET, N.W. 

(C) CITY: WASHINGTON 

(D) STATE: D.C. 
<B) COUNTRY: USA 
(P) ZIP: 20001 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(O OPERATING SYSTEM: PC-DOS/MS-DOS 

<D> SOFT***: Patentln Release #l>0/ VfirBion #i 2s 
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(vi) CURRENT APPLICATION DATA; 

(A) APPLICATION NUMBER; 

(B) FILING DATE ; 07-APR-1993 

(C) CLASSIFICATION; 

(viii) ATTORNEY/ AGENT INFORMATION: 

(A) NAME; KAGAN, SARAH A. 

(B) REGISTRATION NUMBER; 32,141 

(C) REFERENCE /DOCKET NUMBER: 01107. 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: 202-508-9100 

(B) TELEFAX: 202-508-9295 

(C) TELEX: 197430 BBMB UT 

(2) INFORMATION i?3R SEQ ID NO:l; 

(X) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 64 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 
<D) TOPOLOGY: linear 

Cii) MOLECULE TYPE; protein 

Ciii) HYPOTHETICAL: NO 

(iv) ANTI -SENSE: NO 
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(v) FRAGMENT TYPE: N-terminal 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens " 

(viii) POSITION IN GENOME: 

(A) CHROMOSOME /SEGMENT: 17q 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l; 



Met Glu Glu Pro Gin Ser Asp Pro Ser Val Glu Pro Pro 

.t 1 10 ._ a5 _ 

Glu Thr Phe Ser Asp Leu Trp Lys Leu Leu Pro Glu Asn Asn Val Leu 

30 

Ser Pro Leu Pro Ser Gin Ala Met Asp Asp Leu Met Leu Ser Pro Asp 



Leu Ser Gin 



35 



40 



45 



Asp lie Glu Gin Trp Phe Thr Glu Asp Pro Gly Pro Asp Glu Ala 

60 



(2) INFORMATION FOR SEQ ID NO: 2; 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2372 base pairs 

(B) TYPE : nucleic acid 



Pro 
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(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

Cii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL; NO 

(iv) ANTI- SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo sapiens 
(H) CELL LINE: CaCo-2 



(viii) POSITION IN GENOME: 

(B) MAP POSITION: 12ql2-14 

(ix) FEATURE: 

(A) NAME /KEY: CDS 

(B) LOCATION: 312.. 1784 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
GCACCGCGCG AGCTTGGCTG CTTCTGGGGC CTGTGTGGCC CTGTGTGTCG GAAAGATGGA 
GCAAGAAGCC GAGCCCGAGG GGCGGCCGCG ACCCCTCTGA CCGAGATCCT GCTGCTTTCG 
CAGCCAGGAG CACCGTCCCT CCCCGGATTA GTGCGTACGA GCGCCCAGTG CCCTOGCCCG 



WO 93/20238 



PCT/US93/03199 



37- 



GAGAGTGGAA TGATCCCCGA B0CCCAG6GC GTCGTGCTTC CGCA3TAGTC ASTCCCCOTG 

AAGGAAACTG GGGAGTCTTG AGGGACCCCC GACTCCAAGC GCGAAAACCC CGGATGGTGA 

GGAGCAGGCA A ATG TGC AAT ACC ARC ATG TCT GTA CCT ACT GAT GOT GCT 
Met Cy B Asn Thr Asn Met Ser Val Pro Thr Asp Gly Ala 

GTA ACC ACC TCA CAG ATT CCA GCT TCG GAA CAA GAG ACC CTG GTT AGA 
Val Thr Thr Ser Gin He Pro Ala Ser Glu Gln Slu ^ leu ^ ^ 

-G^-AAG-eCA-TTG-CTT-TTG-AAG-TTA TTA AAG TCT GTT G^~GCA~CAA^AA~ ' 
Pro Lys Pro Leu Leu Leu Lye Leu Leu Lys Ser Val Gly Ala Gin Lys 

35 *° 45 

GAC ACT TAT ACT "»TG AAA GAG GTT CTT CTT TAT CTT GGC CAG TAT ATT 
Asp Thr Tyr Thr Met Lys Glu Val Leu Phe Tyr Leu Gly Gin Tyr He 



50 



55 



60 



ATC ACT AAA CGA TTA TAT GAT GAG AAG CAA CAA CAT ATT GTA TAT TGT 
Met ttir Lys Arg Leu Tyr Asp Glu Lys Gin Gin His lie Val iyr Cy S 



65 



70 



75 



TCA AAT GAT CTT CTA GGA GAT TTG TTT GGC GTG CCA AGC TTC TCT GTG 
Ser Asn Asp Leu Leu Gly Asp Leu Phe Gly Val Pro Ser Phe Ser Val 

90 



80 85 



240 



300 



350 



338 



446 



494 



542 



590 
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AAA GAG CAC AGO AAA ATA TAT ACC AIG ATC TAC AGO AAC TTG OTR qta 
* «u Hi. Arg tys Ile „, ^„ „„, ^ 

" 100 105 

OTC AAT C^G CAG aAA T=A TC= OAC TCA ^ ACA KT ^ a^T OAO AAC 

vi ta gi» «, 0lu ... s „ ^ ser oiy ^ vm ^ 

no X15 

120 125 

Cys His L eu Glu Gly Gly Ser ^ ^ Ly£j ^ ^ ^ ^ ^ 

130 13S 

"""" 140 

- -CTT-CAG-GAA-GAG-AAA-CCT TOT tCT TCA CAT TTO OTT TCT ACA CC AT^ ~ 
». Glu Glu ^ _ a „ s „ s „ ^ %l ^ ^ ^ E ^ 

ACC TCA TCT ASA AGO AGA GCA ATP AGT GAG ACA GAA GAA AAT TCA GAT 
Thr Ser sar Axg Arg Arg Ala n. Glu Glu Glu tol , rUt 

160 16S 

165 170 

GAA TTA TCT GGT GAA CGA CAA AGA AAA CGC CAC AAA TCT GAT AGT ATT 
Glu Leu Ser Gly Sl u Arg Gin ^ LyB ^ ^ ^ _ 

— - xie 

TCC CTT TCC TTT GAT GAA AGC CTG GCT CTG TGT GTA ATA AGG GAG ATA 
Ser I*u Ser P h6 Asp Glu Ser Leu Ala ^ ^ Val a . ^ ^ 

190 195 

95 200 205 



638 



686 



734 



782 



830 



878 



326 
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or. en. gx„ ^ Ser s „ s „ _ Mu ^ ^ My ^ ^ ^ 
« -««e.«»«. BiII . iiiii 

' ^ "* «* ~ - »" Hi. .„ 01y „^, <1 

CAG GAT TCA GIT TCA GOT CAG TTT AST GTA GAA TIT GAA GTT GAA TCT 
«. S.r V., S « „ G1 „ ^ s „ ^ au vu 

2 " 



974 



1022 



1070 



^AC^CAA^TAT-AGC-eTT-^^n ^ GGA Cftfl GAA CTC TCA 
U. *sp te «. A.p ^ ^ s „ „ Wu My fc wu ^ 

GAT GAA GAT GAT GAG GTA TAT CAA GTT ACT GTG TAT CAG GCA GGG GAG 

Asp Glu Asp Asp Glu Val Tyr Gin Val Th-r v=i .n. 

y val Thr Val Tyr Gla Ala Gly Glu 

AGT GAT ACA GAT TCA TIT GAA GAA GAT CCT GAA ATT TCC TTA OCT GAC 
Ser Asp Thr Asp S er P te olu 81u ^ ^ ^ 

— — . nay 

250 

»T TGG AAA TGC ACT TCA TGC AAT GAA ATG AAT CCC CCC CTT CCA TCA 
'Vr Trp hyB Cys T'lr s«r Cys Am Glu Met Asn Pro Pro lieu pro s S r 

305 



1118 



1166 



1214 



1262 
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CAT TGC AAC AGA TGT TGG GCC CTT C6T GAG AAT TGG CTT CCT GAA GAT 
H,B Cys Asn ^ Cy E Trp ^ Leu ^ Glu Aan Trp ^ 

AAA GGG AAA GAT AAA GGG GAA ATC TCT GAG AAA QCC AAA CTG GAA AAC 
I** ffly lys Asp Ly8 Gly Glu Ile Ser Glu Lye Ala Lys Le u Glu ^ 

TCA ACA CAA GCT GAA GAG GGC TTT GAT GTT CCT GAT TGT AAA. AAA ACT 
Ser Thr Gin Ala Glu Glu Gly P he Asp Val P ro Asp Cys £ ys Lye te 
350 355 360 

- -ATA_GTG-AAT-GAT^CC--AGA-GAG~TCA "TGT~GTT~G AG GAA AAT GAT GAT AAA 
He val Asn Asp Ser Arg Glu Ser Cys Val Glu Glu Asn Asp Asp l,ys 

ATT ACA CAA GCT TCA CAA TCA CAA GAA AGT GAA GAC TAT TCT CAG CCA 
He Thr Gin Ala Ser Gin Ser G ln Glu Ser Glu Asp Tyr Ser Gin Pro 

TCA ACT TCT AGT AGC ATT ATT TAT AGC AGC CAA GAA GAT GTG AAA GAG 
Ser Thr Ser Ser Ser He lie Tyr Ser Ser Gin Glu Asp Val Lvs Glu 

TTT GAA AGG GAA GAA ACC CAA GAC AAA GAA GAG ACT GTG GAA TCT AGT 
Phe Glu Arg Glu Glu Thr Gin Asp Lys Glu Glu Ser Val Glu Ser Ser 
415 



1310 



1358 



1406 



1454 



1502 



1550 



1598 
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itg ccc err aat gcc att gaa cct tgt gtg ait tgt caa ggt cga cct 
Leu Pro Leu Asn Ala lie Glu Pro Cys Val H e cys Gin Gly Arg Pro 



430 



435 



440 



445 



AAA AAT GGT TGC ATT GTC CAT GGC AAA ACA GGA CAT CTT ATG GCC TGC 
Lys Asn Gly Cys He Val His Gly Lys Thr Gly His Le U Met j* a cys 



450 



455 



460 



TTT ACA TGT GCA AAG AAG CTA AAG AAA AGG AAT AAG CCC TGC CCA GTA 
Phe Thr Cys Ala Lys Lys Leu Ly B Lys Arg Asn Lys Pro Cys Pro Val 



465 



470 



475 



480 4fl5 

485 490 



1646 



1694 



1742 



■ TGT.AGA.CAA-CCA-ATT-GAA-ATG-ATT -OOTO m TAT TTC CCC x784 " 

Cys Arg Gin Pro He Gin Met He Val Leu Thr Tyr Phe Pro 



TAGTTGACCT GTCTATAAGA GAATTATATA TTTCTAACTA TATAACCCTA GGAATTTAGA 1844 

CAACCTGAAA TTTATTCACA TATATCAAAG TGAGAAAATG CCTCAATTCA CATAGATTTC 1 90 4 

rrcrcrrxAG tataattgac ctactttggt agtggaatag tgaatactta ctataatttg 1964 

ACTTGAATAT GTAGCTCATC CTTXACACCA ACTCCTAATT TTAAATAATT TCTACTCTGT 2024 

CTTAAATGAG AAGTACTTGG TTTTTTTTTT CTTAAATATG TATATGACAT TTAAATGTAA 20B4 

CTTATTATTT TTTTTGAGAC CGAGTCTTGC TCTGTTACCC AGGCTGGAGT GCAGTGGGTG 2144 

ATCTTGGCTC ACTGCAAGCT CTGCCCTCCC CGGGTTCGCA CCATTCTCCT GCCTCAGCCT 2204 
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CCCMmGC CTCATCTOCC ACCACACCTG GCTAATTTTT TGTACTTTTA 2264 

GTAQAGACAG GGTTTCACCG TGTTAGCCAG GATGGTCTCG ATCTCCTGAC CTCGTC ATCC 2324 
GCCCACCTCG GCCTCCCAAA GTGCTGGGAT TACAGGCATO AGCCACCG 



(2) INFORMATION FOR SEQ ID NO: 3; 

(i) SEQUENCE CHARACTERISTICS: 

CA) LENGTH.- 491 amino acids 
(B) TYPE: amino acid 
(D)—TOPOLQGY:— linear 



(ii) MOLECULE TYPE: protein 
Cxi) SEQUENCE DESCRIPTION: SEQ ID HO:3: 
Met Cys Asn Thr Asn Met Ser Val Pro Thr Asp Gly Ala 



Val Thr Thr 



10 IS 



Ser Gin lie Pro Ala Ser Glu Gin Glu Thr Leu Val Axg Pro Lys Pro 



20 



25 



30 



Leu Leu Leu Lys Leu Leu Lys Ser Val sly Ai a Gln Ly S Asp Thr Tyr 
35 



Thr Met Lys Glu Val Leu Phe Tyr Leu Sly Gin Tyr lie Met Thr Lys 
50 



2372 
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Arg Leu Tyr Asp Glu Lys 61n Gln Hia n- ^ ^ ^ ^ ^ 

65 70 75 

75 80 

Leu Leu Gly Asp Leu Phe Gly Val Pro Ser phfi ^ ^ ^ ^ ^ 
Arg ^ Ile Tyr Thr Met He Tyr Arg ^ leu Val ^ ^ ^ ^ 



100 



105 



110 



Gin Glu Ser Ser Asp Ser Gly Thr Ser Val Ser Glu 



115 



120 



Asn Arg Cys His 

125 



-^u-aiu-oiy-oay-se.-^-^-.--^ ^ vai -— — - 

145 . 150 155 

155 160 

Arg Arg Arg Ala lie Ser Glu Thr Glu Glu Asn Ser Asp Glu Leu Ser 

175 

Gly Glu Arg Gin Arg Lys Arg His Lys Ser Asp Ser He Ser i« ^ 



180 



185 



190 



Phe Asp Glu Ser Leu Ala Leu Cys Val Ile ^ Glu 1U ^ ^ ^ 



195 



200 



205 



Arg Ser Ser Ser Ser Gl u Ser Thr Gly Thr Pro Ser Asn Pro Asp Leu 



210 215 

215 220 
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Asp Ala Gly Val Ser Glu His Ser Gly Ast> *™ r M n 

AS P Tr P ^eu Asp Gin Asp Ser 



225 



230 



235 



240 



val ser Asp Gin Phe Ser Val Glu Phe Glu Val Glu Ser Leu Asp Ser 

250 



245 



255 



Glu Asp Tyr ser Leu Ser Glu Glu Gly Gin Glu Leu Ser Asp Glu Asp 



260 



265 



270 



Asp Glu Val Tyr Gin Val Thr Val Tyr Gin Ala Gly Glu Ser Asp Thr 



275 



280 



265 



.Afip^^Phe-Gl^Glu^Asp-Fro-Glu-xi^-S er Leu Ala 



290 



Asp Tyr Trp Lys 



295 



300 



Cys Thr ser Cys Asn Glu Met Asa Pro Pre Leu Pro Ser His Cys Asn 



305 



310 



315 



320 



Arg Cys Trp Ala Leu Arg Glu Asn Trp Leu Pro Glu Asp Lys Gly Lys 



325 



330 



335 



Asp Lys Gly Glu lie Ser Glu Lys Ala Lys Leu Glu 



340 



345 



Asn Ser Thr Gin 
350 



Ala Glu Glu Gly Phe Asp val Pro Asp Cys Lys Lys Thr lie Val Asn 
355 3G0 



3S5 



Asp Ser Arg Glu Ser Cys Val Glu Glu Asn Asp Asp Lys He Thr Gin 
37 ° 375 



380 
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Ala ser Gin Ser Gin Glu Ser Glu Asp Tyr Ser Gin Pro Ser Thr Ser 
385 3 90 



395 



400 



Ser Ser He He Tyr S er Ser am Glu Asp Val Ly S Glu Phe Glu Arg 



405 



410 



415 



Glu Glu Thr Gin Asp Lys Glu Glu Ser Val Glu Ser Ser Leu 



Pro Leu 



420 



425 



430 



Asn Ala He Glu Pro Cys Val lie Cys Gin Gly Arg Pro Lys Asn 



Gly 



435 



440 



445 



-Cys^Ile-Val^His^Gly-Lys Thr Gl^His^ Leu Met Ala Cys 



Phe Thr CyB 



450 



455 



460 



Ala Lys Lys Leu Lys Lys Arg Asn Lys Pro Cys Pro Val Cys Arg Gin 
465 47 0 



475 



480 



Pro He Gin Met lie Val Leu Thr Tyr Phe Pro 
485 490 



(2) INFORMATION FOR SEQ ID N0:4: 



<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1710 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS ; double 
ID) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: CDNA 



(Ui) HYPOTHETICAL; no 



(iv) ANTI-SEX7SE: NO 



(vi) ORIGINAL SOURCE: 

CA) ORGANISM: Mus musculus 



fix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 202.. 1568 



Cxi) SEQUENCE DESCRIPTION: SEQ ID NO:4 : 
— » C CCCCTTCTCS TCGCTC6AGC TC^CCAC «„ CAOOOCCCOT 60 



*w*«_«„„ CCTCCAGGCC A ATG TGC AAT ACC Air ^ ^ 

AAC ATG TCT GTG TCT ACC 

Met Cys Asn Thr Asa Met Ser Val Ser TJar 
1 5 



10 



GAG GOT GCT GCA AGC ACC Tea CM ATT CCA GCT TCG GAA CAR Gas act 

- «r »u „. sei ^ ser „, „. ^ ^ ^ mu ^ 



231 



279 
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CTG GTT AGA CCA AAA CCA TTG CTT TTG AAG TTG TTA AAG TCC GTT GGA 

GCG ^ TAC ACT ATG AAA GAG ATT ATA TO TAT ATT GGC 

Ala Gin Asn Asp Thr Tyr Thr Met x,ys Glu He lle Phe Tyr Ile Gly 

CAG TAT ATT ATG ACT AAG AGG TTA TAT GAC GAG AAG CAG CAG CAC ATT 

Gin Tyr He Met Thr Lys Ara Le„ nw *, 

Y 9 Leu ^ Asp Glu Lys Gin Gin Hie He 

val Tyr Cys Ser Asn Asp Le U Leu' Gly Aap Val Phe Gly Val Pro Ser 

75 80 85 

85 90 



327 



375 



423 



471 



TTC TCT GTG AAG GAG CAC AGG AAA ATA TAT GCA ATG ATC TAC AGA AAT 
Phe ser Val Lys Glu His Ar 9 Lys n e Tyr Ala Met lie Tyr Arg Asn 
95 100 105 

TTA GTG GCT GTA AGT CAG CAA GAC TCT GGC ACA TCG CTG AGT GAG AGC 
Leu Val Ala Val Ser Gin Gin Asp Ser Gly Thr Ser Leu Ser Glu Ser 

AGA CGT CAG CCT GAA GGT GGG AGT GAT CTG AAG GAT CCT TTG CAA GCG 
Arg Arg Gin Pro Glu Gly Gly Ser Asp Leu Lys Asp Pro Leu Gin Ala 

125 



519 



567 



615 
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CCA CCA GAA GA3 AAA CCT TCA TCT TCT GAT TTA ATT TCT AGA CTG TCT 
Pro Pro Glu Glu uys Pro S er S er Ser Asp Leu He Sar Arg Leu Ser 



140 



145 



150 



ACC TCA TCT AGA AGG AGA TCC ATT AGT GAG ACA GAA GAG AAC ACA GAT 
Thr ser Ser Arg Arg Arg Ser He Ser Glu Thr Glu Glu Asn Thr Asp 



155 



160 



165 



170 



GAG CTA CCT GGG GAG CGG CAC CGG AAG CGC CGC AGG TCC CTG TCC TTT 
Glu Leu Pro Gly Glu Arg His Arg Lys Arg Arg Arg Ser Leu Ser Pbe 
175 



_ GAT— CCG-AGC-CT6-GGT-CTG~TGT~GAG~CTG~AG G GAG ATG TGC AQC GGC GGC 
Asp Pro ser Leu Gly Leu Cys Glu Leu Arg Glu Met Cys Ser Gly 61y 



190 



195 



200 



ACG AGC AGC AGT AGC AGC AGC AGC AGC GAG TCC ACA GAG ACG CCC TCG 
Thr ser Ser Ser Ser Ser Ser Ser Ser Glu Ser Thr Glu Thr Pro Ser 



205 



210 



215 



CAT CAG GAT CTT GAC GAT GGC GTA AGT GAG CAT TCT GGT GAT TGC CTG 
His Gin Asp Leu Asp Asp Gly Val Ser Glu His Ser Gly Asp Cys Leu 

230 



220 225 



GAT CAG GAT TCA GTT TCT GAT CAG TTT AGC GTG GAA TTT GAA GTT GAG 
Asp Gin Asp Ser Val Ser Asp Gin Phe Ser Val Glu Phe Glu Val Glu 

235 240 245 

245 250 



663 



711 



759 



807 



855 



903 



951 
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TCT CTG GAC TCG GAA GAT TAC AGC CTG AGT GAC GAA GGG CAC GAG CTC 
Ser Leu Asp ser Glu Asp Tyr Ser Leu Ser Asp Glu Gly His Glu Leu 
255 260 



265 



TCA GAT GAG GAT GAT GAG GTC TAT CGG GTC ACA GTC TAT CAG ACA GGA 
Ser asp Glu Asp Asp Glu Val Tyr Arg Va! Thr Val Tyr Gin Thr Gly 

OAA AGC GAT ACA GAC TCT TTT GAA GGA GAT CCT GAG ATT TCC TTA GCT 
Glu Ser Asp Thr Asp Ser Phe Glu Gly Asp Pro Glu He Ser Leu Ala 
285 290 29S 

Asp Tyr Trp Ly8 Cys Thr Ser Cys Asn Glu Mat As n Pro Pro ^ Pro 

TCA CAC TOC AAA AGA TGC TGG ACC CTT CGT GAG AAC TGG CTT CCA GAC 
Ser His Cys Lys Arg Cys Trp Thr Leu Arg Glu Asn Trp Leu Pro ^ 

315 320 325 

325 330 

GAT AAG GGG AAA GAT AAA GTG GAA ATC TCP GAA AAA GCC AAA CTG GAA 
Asp Lys Gly Lys Asp Lys Val Glu He Ser Glu Lys Ala Lvs i«, m „ 

AAC TCA GCT CAG GCA GAA GAA GGC TTG GAT GTG CCT GAT GGC AAA AAG 
Asn Ser Ala Gin Ala Glu Glu Gly Leu Asp val Pro Asp Gly Lys Lys 
350 



999 



1047 



1095 



1143 



1191 



1239 



1287 
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CTG ACA GAG AAT GAT GCT AAA GAG CCA TOT GCT GAG GAG GAC AGC GAG 
Leu Thr Glu Asn Asp Ala Lys Glu Pro Cys Ala Glu Glu Asp S er Glu 



365 



370 



375 



GAG AAG GCC GAA CAG ACG CCC CTG TCC CAG GAG AGT GAC GAC TAT TCC 
Olu Lys Ala Glu Gin Thr Pro Leu Ser G1 n Glu Ser Asp Asp Tyr Ser 

CAA CCA TCG ACT TCC AGC AGC ATT GTT TAT AGC AGC CAA GAA AGC GTG 
Gin Pro ser Thr Ser Ser Ser Xle Val Tyr Ser Ser Gin Glu Ser Val 



395 



400 



405 



410 



-AAA-GAG-TTG-AAG GAG-GAA-ACG CAG CAC AAA GAC GAG AGT GTG GAA TCT 



420 



425 



AGC TTC^TCC CTG AAT GCC ATC GAA, CCA TGT GTG ATC TGC CAG GGG CGG 
Ser Phe Ser Leu Asn Ala He Glu Pro Cys Val lie Cys Gin Gly Arg 



430 



435 



440 



CCT AAA AAT GGC TGC ATT GTT CAC GGC AAG ACT GGA CAC CTC ATG TCA 
Pro Lys Asn Gly Cys lle Val His Ly8 

445 

TGT TTC ACG TGT GCA AAG AAG CTA AAA AAA AGA AAC AAG CCC TGC CCA 
Cys Phe Thr Cys Ala Lys Lys Leu Lys Lys Arg Asn Lys Pro Cys Pro 



460 



465 



470 



1335 



1383 



1431 



1479 



1527 



1575 



1623 
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GTG TGC AGA CAG CCA ATC CAA ATG ATT GTG CTA AGT TAG TTC AAC 
Val Cys Ar g Gln , ro Ile 61n ^ ^ ^ ^ ^ ^ ^ ^ 



475 



480 



485 



1668 



TAGCTGACCT GCTCACAAAA ATAGAATTTT ATATTTCTAA 



CT 



1710 



(2) INFORMATION FOR SEQ ID NO; 5; 



(i> SEQUENCE CHARACTERISTICS: 

<A) LENGTH: 489 amino acids 
(B) TYPE: amino acid 
(D)-TOPOI^Y:-i-inear 



(ii) MOLECULE TYPE : protein 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 



5: 



Met Cys Asn Thr Asn Met Ser Val Ser Thr 



Glu Gly Ala Ala Ser Thr 



10 



15 



Ser Gln lle Pro ^ ser Glu Qln ^ ^ ^ 

20 



25 



30 



- L« L ys L. a tau Lys ser v.! 01y Ala Glo Aon Asp Thr Tyr 



Thr « , y . 0lu 1Je n , Phe ^ My mn ^ ^ ^ 

S ° 55 to 
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Arg Leu Tyr Asp 6 lu Lys Gin G ln His lie 



65 



70 



Val Tyr Cya Ser Asn Asp 



75 



80 



85 



90 



95 



Lys tie Tyr Ala M* t Ile ^ ^ ^ ^ ^ ^ ^ ^ ^ 



100 



105 



110 



Gin Asp Ser Gl y ^ ser Leu ser Qlu ^ ^ ^ ^ ^ ^ 
115 120 



125 



-Gly^Ser-A g p-Le U -I,y S "A B p"Pro- I ieu Gin Ala 



130 



135 



Pro Pro Glu Glu I»ya Pro 
140 



Ser Ser Ser Asp Leu lie Ser Arg Le u Ser ^ s „ Sfer ^ ^ ^ 



145 



150 



155 



160 



Ser lie Ser Glu Thr Glu fclu Asn Thr Asp Glu Leu Pro Gly Glu Arg 



165 



170 



175 



His Arg l,ys Arg Arg Arg Ser Leu Ser Phe abp Pro Ser x« Gly 
180 



185 



190 



Cys Glu Leu Arg Glu Met Cys Ser Gly Gly Thr Ser Ser Ser Ser Ser 



195 



200 



205 



Ser Ser Ser Glu Ser Thr Glu Thr Co*- x*4~ ™ . 

Anr Pro Ser His Gin Asp Leu Asp Asp 

*" 215 



220 
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Gly val Ser Glu Kia Ser Gly Asp cys Leu 

225 



Asp Gin Asp Ser Val Ser 



230 



235 



240 



As, «. Ser Val 0lu , he Glu au ^ ^ ^ 



245 



250 



255 



TVT S „ ^ s „ „ 01 „ ely ^ ^ ^ Mu ^ ^ 



260 



265 



270 



275 



280 



285 



^he^lu.Gl^AB P -P r o-Glu-I^er~Leir Ala As^ 
290 



295 



Tyr Trp Lye cys Thr 
300 



Ser Cys Asn Glu Met Asn Pro Pro 



305 



310 



Leu Pro Ser His Cys Lys Arg Cys 
315 320 

Lys Asp Lys 
335 



Trp Thr Leu Arg aiu Asn Trp Leu Pro Asp Asp Lys Gly 
325 330 

Val Glu He Ser Glu Lys Ala Lys Leu Glu 
340 345 



Asn Ser Ala Gin 



350 



»» L» U Asp « „„ „ ely Lys ^ ^ ^ Mu ^ ^ 



355 



360 



Lys Glu Pro Cys ;ia Glu G1 U Asp Ser Glu Glu 



370 



375 



365 

Lys Ala Glu Gin Thr 
380 
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Pro Leu Ser Gin Glu Ser Asp Asp Tyr Ser Gin Pro Ser Thr Ser Ser 

3 as 



395 



400 



Ser lie Val Tyr Ser Ser Gin Glu Ser Val Lys Glu Leu Lys Glu 



Glu 



405 



410 



415 



Thr Gin His Lys Asp Glu Ser Val Glu Ser Ser Phe 



420 



425 



Ser Leu Asn Ala 
430 



He Glu Pro Cys Val He Cys Gin Gly Arg Pro Lys Asn Gly Cys He 

445 



435 



440 



Val His Gly *ys Thr Gly His Leu Met Ser Cys Phe Thr Cys Ala Lys" 



450 



455 



460 



Lys Leu Lys Lys Arg Asn Lys Pro Cys Pro Val Cye Arg Gin Pro lie 
465 m 470 



475 



480 



Gin Met He Val Leu Ser Tyr Phe Asn 
485 
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March 11, 1993 



Accom ton Number • 

HB 11290 



ADDITIONAL IHD.CAT.OH. . ««. 1 „„ vmtblt) . ^ 



It coinintMd on * npm, uudiacl ilMdl Q 



IF2 - Hybndoma 
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1 • A method of diagnosing a neoplastic tissue in a human comprising- 

detecting amplification of human MDM2 gene or elevated expression of a 
human MDM2 gene product in a tissue or body fluid isolated from a human, wherein 
ampuficatton of the human MDM2 gene or elevated expression of human MDM2 gene 
product prides a diagnosis of neoplasia or the potential for neoplastic development. 
2. He method of claim 1 wherein gene amplification is detected 
3 The method of claim 1 wherein elevated expression of a gene product is 
detected, said gene product being mRNA. 

4. The method of claim 1 wherein elevated expression of a gene product is 
detected, said gene product being human MDM2 protein. 

5. The method of claim 3 w herem sam-m^A^de^-by NcmhWblot- 



analysis by hybridizing raRNA from said tissue to a human MDM2 nucleotide probe 

nucleondes .-2372 of buman MDM2, as show- in Figure m ^ 
consisting of at least 14 contiguous nucleotides. 

7. ^l„edxHi,rfclaim4wb^hunianMDM2p^ 

Blot analysis by reacttng human MDM2 proteins with antibodies which are 

immunospecific for MDM2 protein. 

8. The method of claim 2 wherein the gene amplification is detected using 

polymerase chain reaction, 

9. The method of claim 2 wherein amplification of the human MDM2 gene is 
detected by Southern blot analysis wherein the human MDM2 gene is hybridized with a 
nucleotide probe which is complementary to bMDM2 DNA. 

10. ^™«hodofclaim2wheiemgeneamplific^ 

the copy number of hMDM2 in the tissne to the copy number of hMDM2 in a normal 
tissue of the human. 
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11. The method of claim 3 wherein aw*,^ „ . 

h , elevated expression of mRNA is detennined 

by companng the amount of hMDM2 mRNA in ,h. n . 
mPM a • the Ussue to the amount of hMDM2 

mRNA m a normaJ tissue of the human. 

deJ 2 ' ,T mCth0d ° f Ckim 4 WhCrein el6Vated of hMDM2 protein is 

°v comparing the amount of nMDM2 protein in the tissue to the LI I 
hMDM2 protein in a normal tissue of the human. 

3 J! m ° f ^ 2 ^ g6ne ampMCati ° n * **« « least 

3-fold more hMD M -2 DNA is observed in the tissue relative to a control sample 
comprising a normal tissue. 

3 fold'' T tT 0d 3 W ^ d ^«~fc*«c*d when a, .east 

^n,„ re hMDM-2 mRNA is observed in the tissue relative to a control sampie 
comprising a normal tissue. p 

3fo!d' ^"t^ 0 ^ 4 ^^^™"^^^ 
-fo.d raore hMI,M2 protein fa ^ „ „„ ^ 

compnsmg a normal tissue. P 

16. The^nethod of claim 1 wherein the neoplasia is a sarcoma. 

17. The method of claim 16 wherein „„ 

ril h . . hercm ^ 831001114 » a liposarcoma, malignant 

fibrous hisnocytoma, or osteosarcoma. 

18. A cDNA molecule comprising nucleotides 1 to 2372, as shown in Figure 1 
orients thereof * ' 

The cDNA molecule of claim 18 comprising the codin* seouanc rf 

Human MDM2 protein subsuntiaU, free of otter human pro*™ 
A pteparation of antibodies speciHcaUy tamnnoreactive with human MDM2 

Itapreparadonof ciain.21 wherein the andb^^nMn^ltnudturtbodies 
A »^*P'*com I *in 8 . S e a ^ of a, le a Stl o„ ucle ^ wldollm 
comments,, to nucleotides lJJm „ human MDM2 gene, as shown in Figure 1 



19. 
MDM2 
20. 
21. 
protein. 
22. 
23. 
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24. A kit for detecting the amplification of a human MDM2 gene in a human 
tissue or body fluid sample comprising: a nucleic add probe capable of hybridizing to 
said human MDM2 gene under conditions of high stringency, and instructions for 
determining said amplification. 

25. A kit for detecting elevated expression of a human MDM2 mRNA in a human 
tissue or body fluid sample comprising: a nucleic acid probe capable of hybridizing to 
nd mRNA, and written instructions for determining elevated expression of mRNA. 

26. A kit for detecting elevated expression of a human MDM2 protein in a human 
tissue or body fluid sample comprising MDM2 protein-specific antibodies and written 
instructions for determining elevated expression of human MDM2 protein. 

27. A method of treating a neoplastic cell or a cell having neoplastic potential, 

comprising: 

administering to a cell a therapeutically effective amount of an inhibitory 
compound which interferes with the expression of human MDM2 gene. 

28. The method of claim 27 wherein expression of the human MDM2 gene is 
inhibited by adranistering antisense oligonucleotides. 

29. The method of claim 27 wherein expression of the human MDM2 gene is 
inhibited by administering triple-strand forming oligonucleotides which interact with 
DNA. 

30. A method for identifying compounds which interfere with the binding of 
human MDM-2 to human p53, comprising: 

binding a predetermined quantity of a first human protein which is detectably 
labelled to a second human protein; 

adding a compound to be tested for its capacity to inhibit binding of said first 
and second proteins to each other; 

detennining the quantity of the first human protein which is displaced from or 
prevented from binding to the second human protein; 
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wherein the first human protein is MDM-2 and the second human protein is 
P 53 or the first human protein is p53 and the second human protein is MDM-2. 

31. The method of claim 30 wherein one of said two human proteins is fixed to 
a solid support. 

32. The method of claim 30 wherein an antibody specifically immunoreactive with 
said second human protein is used to separate first human protein bound from unbound 
first human protein. 

33. A method for inhibiting the growth of tumor cells which contain a human 
MDM2 gene amplification, comprising: 

adminisering a polypeptide to tumor cells which contain a human MDM2 gene 
amplification, said polyptide consisting essentially of a portion of p53, said portion 
comprising amino acids 13-41 of P 53, said polypeptide being capable ofbinding-to human- 
MDM2. 

34. The method of claim 33 wherein said polypeptide comprises amino acids 1-41 
ofp53. 

35. Thememc<iofclaim33whe rc msa^ 
ofp53. 

36. The method of claim 33 wherein said polypeptide comprises amino acids 1-50 
ofp53. 

37. A method for inhibiting the growth of tumor cells which contain a human 
MDM2 gene amplification, comprising: 

administering to tumor cells which contain a human MDM2 gene amplification 
a DNA molecule which expresses a polypeptide consisting essentially of aportion of p53, 
said portion comprising amino acids 13-41 of P 53, said polypeptide being capable of 
binding to human MDM2. 

38. The method of claim 37 wherein said polypeptide comprises amino acids 1-41 
of p53. 
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^ ». ^^^n+mkmvto**^.,^^ 13 . 57 

ofp53. 1-50 

41 A polypeptide consisdng essemiauy of , ^ 

comprising amino adds 13-41 of irtl ~i P°™>n 

MDMZ Polypepr.de capable of binding to human 

42. H. polypepSde of claim 41 which comprises amino ^ M1 of p53 

«• The prfypepttde of claim 41 which comprises amino acids 13-57 of p53 

«4. The polypepsde of data 41 which comprise, amino acids 1-50 of p53 ' 



-46r 



IkMitf* 21 wherein „e antibodies do no. btod to human 
proteins of H75-S5K, 105-120K, and 170-200K. "d to human 

bv 2 J" ° f *" 21 Wted " ""^ bM ■> bound 

by antibodies secreted by hybridoma IF2 (ATCC HB 11290) 

bv ILJ*"?' " »" bo»d 

by antibodies secreted by hybridoma ED9 (ATCC HB 11291) 

49. ^^-clte?.^,,,..^,,,.^ 

bound by anybodies secreted by hybrids JF2 (ATCC HB 1 .290) 

50. ™« "«*«J of claim 4 whereto haman mpmj 

immiinrthictr^k^:.*-. v b aeiected by 

w . M Mk yVMW4HUUJf • 

51 The method ofcbto 50 ^ m 

.mmunotostochemistry which bmd to . epitope on hMDM2 bound by L anting 
secreted by ED9 (ATCC HB 11291). "nuoodres 

52 The method of claim 50 wherein antibodies are employed in the 
.mmimotos^emiso, which btod to an epitope on hMDM2 bound b, th j£ 
secreted by IF2 (ATCC HB 11290). anuoodies 
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53. ih of claim 4 ^ ^ mdmj 

immunoprecipitation. y 
^ A hybndoma Shaving the identifying cf BD9 (A1CC HB 

55- A hybridoma cell having the identifying characteristic of W2 (ATCC HB 



11290) 
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